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INTRODUCTION
As man encroached on wilderness that formerly comprised much of the western United States, the grizzly bear declined in numbers and disappeared from many areas where it was once abundant. In order to preserve and manage the remaining populations it is imperative that we thoroughly understand the relationship between the grizzly and its environment, and use this knowledge when making land use and wildlife management decisions.
Considerable data on grizzly bear ecology have been gathered during the course of a 13-year study of these bears in the Yellowstone It will also permit more accurate estimates to be made of population density and distribution, and allow wildlife managers to predict the effects of land use changes (logging, construction of roads, etc.) on existing bear populations. Grizzly bear habitat can be evaluated to determine if grizzlies can be reintroduced and survive in habitat from which they have been eliminated.
The development of remote sensing techniques of land use and habitat evaluation using aerial photography, multispectral scanning, sidelooking radar, active or passive microwave imaging, and other methods, has been rapid in the last few years. These techniques have great potential for reducing both the effort and cost of surveying the inaccessible and extensive wilderness areas that comprise favorable grizzly bear habitat. This report evaluates the use of one of these techniques, multispectral imaging from earth-orbiting satellites. Since each image is roughly square and covers an area measuring 115 miles on each side, there is about 10% north-south overlap on successive frames taken in each orbit, and about 40% overlap on frames taken on successive .days from adjacent orbits. It is thus possible to obtain side-lap stereo viewing of most areas with images taken in adjacent orbits.
The location of the study area is shown in Fig. 1 , along with the coverage of the images that were used in our evaluation. These A study of the food habits and habitat requirements of grizzlies in the Yellowstone ecosystem (*) indicates that the following criteria are important for the maintenance of a grizzly population:
Space
The home ranges of grizzly bears may encompass areas up to 1500 square miles. Large wilderness areas or de facto wilderness areas of national parks and national forests provide the required area.
Isolation
Grizzlies conflict with man and his livestock, and have been eliminated from developed areas. Areas where bears remain and potential habitat for re-introduction of grizzlies is isolated and should receive only light recreational and livestock use. Roads and extensive trails degrade grizzly habitat.
Food
An abundance of natural foods must be available from April to November, and must be sufficiently varied so that occasional annual deficiencies of one or more sources do not jeopardize the population. Basic foods are carrion, ungulates, rodents, berries, pine nuts, green vegetation, bulbs and tubers, and in some situations, fish.
Vegetat'ion types
A wide range of vegetational types characterize prime grizzly bear habitat. A mixture of timber and alpine meadows provide the bears with places to forage, socialize, and breed. Alder thickets, lodgepole downfalls, and other dense vegetation are preferred bedding sites. Large tracts of undisturbed timber provide protection and seclusion.
While other factors may influence a population in a particular situation, those cited above are the ones which were given primary consideration in our investigation. 
RESULTS

Image color effects
Conclusions similar to those of other investigators (8) (9) (10) were reached after evaluating the comparative utility of the four MSS images, both individually and in combinations. Typical images are shown in Fig. 4 . 
Scene Illumination Effects
The transparencies supplied by the EROS data center are photometrically accurate, having densities which correspond to absolute scene brightness. As a result, scenes obtained during winter months at high latitudes are often very dark. Two effects are responsible for this darkening: one is the lower average illumination level due to oblique lighting; the other is the presence of many more shadows in areas of uneven topography.
Sun angles above the horizon for imagery of the study area were summarized in Table I . They vary from 52° on August 10 to 19°o n November 25.
We found that vegetation mapping was more difficult in mountainous areas with November imagery than with August imagery. Northand northwest-facing slopes received much less light at low sun angles than south-facing ones, and resulted in tone variations that were larger than those used to discriminate between vegetation types in bright evenly-illuminated areas. Discrimination within large sloping areas illuminated at very low angles was poor because of the general dark tone, and no details could be distinguished in full shadow.
Determination of general vegetation character
High alpine meadows appear in light red or pink in the simu- 
Identification of Whitebark Pine
Examination of the color composite image of the study area with the color-additive viewer did not reveal any distinctive variations in color or tone that would permit differentiation of the various tree species from one another. However, we found that a combination of tree cover imagery and altitude information permitted reasonably accurate identification of whitebark and and limber pine, important food species for grizzly bears.
The ground survey showed that whitebark pine (Pinus albicaulis) and limber pine (Pinus flexilis) occurred predominantly on higher ridges in the study area, usually above 7000 ft. elevation. The approximate distribution of these pines is shown in Fig. 3 of ref. (11) . Both species were considered as whitebark pine for classification purposes.
A projection mask was prepared from a topographic map which showed all areas above 7000 ft. in black. This image was combined (using white light) with the false-color infrared (Fig. 6 ) or normalcolor images in the color-additive viewer. The resulting false-color image is shown in Fig. 7 . In this image timbered areas above 7000 ft. appear dark red, and can be easily identified and mapped. A simulated normal-color image of the study area is shown in Fig. 8 .
Timbered areas mapped from the false-color or normal-color images are shown in Fig. 9 in relation to the distribution of whitebark pine observed on the ground. The area covered by whitebark pine is 11.8 square miles, and the high elevation timbered areas identified conditions. Differential rates of melting and the resulting changes in snow field boundaries can provide data about exposure and average temperature that will help discriminate between some types of vegetation that indistinguishable on the basis of appearance alone. The appearance and flowering of certain plant species is closely related to snow field boundaries, so the location of these boundaries can indicate the type of vegetation and the general phenology in these areas.
DISCUSSION
The results of this brief investigation show that ERTS-1 multispectral scanner imagery can be of considerable value in habitat analysis. Useful information about several aspects of the grizzly's environment can be obtained with minimal cost and effort from a few hours spent examing the imagery. The authors have not had prior photointerpretation experience, and so we may have overlooked information (of which other investigators are already aware) that could be obtained from the imagery. We plan to continue evaluating this technique in ongoing programs where habitat data are needed.
We feel that satellite imagery is most valuable at present as a supplement to, not a replacement for, field observations by personnel on the ground. Limitations in image resolution and in the kinds of information that can be obtained from multispectral scanning allow much room for error if used alone. The imagery can be used, however, to perform a great deal of initial screening and to select those areas where field effort can be most productively concentrated. In surveying wilderness areas to locate suitable habitat for reintroduction of grizzlies, for example, large portions could be eliminated from consideration on the basis of the imagery alone with high confidence.
Field work can then be focused on the remaining locations which appear to meet minimum requirements. Examination of satellite imagery at the beginning of a study should thus allow an effective sampling strategy to be developed which will minimize the field effort and overall program cost.
Using the techniques described, we could rapidly survey the three largest ecosystems in the western United States (Yellowstone, Selway-Bitterroot, and Bob Marshall) to determine the location and extent of favorable grizzly habitat, to assist in making more accurate estimates of the present grizzly population in these areas, and to locate the most promising sites for reintroduction. Such information is badly needed and could be obtained with comparatively modest funding. Together with the extensive data on grizzly food habits, movements, ranges, and general bear ecology that has already been gathered, such a survey could provide several western states with a basis for evaluating their hunting regulations and harvest, and provide both state and federal agencies with better data than is now available to consider when making management and land use decisions.
Satellite remote sensing methods are a valuable addition to the tools of the wildlife researcher and manager in their present state of development. The usefulness of the data from ERTS-1 will probably expand in the near future, as a large number of researchers are presently developing various analysis methods to increase the types and quality of data that can be obtained from the images. This effort should result in additional techniques that would be useful in habitat analysis. For future programs, NASA is planning to develop improved multispectral scanners with 60 ft. resolution capability and other radiometric and high-resolution radar imaging devices.
Remote sensing will become increasingly valuable in wildlife research and management as this improved equipment becomes available on future satellites.
